There is a need for coordinated research for the sustainable management of topical peatland. Malaysia has 6% of global tropical peat by area and peatlands there are subject to land use change at an unprecedented rate. This paper describes a stakeholder engagement exercise that identified 95 priority research questions for peatland in Malaysia, organized into nine themes. Analysis revealed the need for fundamental scientific research, with strong representation across the themes of environmental change, ecosystem services, and conversion, disturbance and degradation. Considerable uncertainty remains about Malaysia's baseline conditions for peatland, including questions over total remaining area of peatland, water table depths, soil characteristics, hydrological function, biogeochemical processes and ecology. More applied and multidisciplinary studies involving researchers from the social sciences are required. The future sustainability of Malaysian peatland relies on coordinating research agendas via a 'knowledge hub' of researchers, strengthening the role of peatlands in land-use planning and development processes, stricter policy enforcement, and bridging the divide between national and provincial governance. Integration of the economic value of peatlands into existing planning regimes is also a stakeholder priority. Finally, current research needs to be better communicated for the benefit of the research community, for improved societal understanding and to inform policy processes.
INTRODUCTION
There is growing international recognition of the important ecosystem services played by peatland environments, such as potable water supply (Rosli et al. 2010; Silvius & Suryadiputra 2010) , biodiversity (Page et al. 2012 ) and carbon storage (Billett et al. 2010; Page et al. 2011a, b; Moore et al. 2013) . This increased recognition is reflected in a surge of policies and initiatives to maintain the integrity of peat across temperate and tropical peat zones. Initiatives such as the Association of South East Asian Nations' (ASEAN) Peatland Management Strategy (ASEAN Secretariat 2007) and International Union for Conservation of Nature's (IUCN) Commission of Inquiry on Peatlands, UK (Bain et al. 2011) , and country-wide policies such as the Scottish Soil Framework (Scottish Government 2009) and national greenhouse gas (GHG) emission reduction plans for Indonesian peat (IIPC [International Indonesian Peatland Conversation] , unpublished data 2013) illustrate the intent of policy makers to address past perceptions and inappropriate peatland management practices. Despite this, the maintenance and status of the world's peatlands is a matter of considerable concern (Wösten et al. 1997; Page et al. 2006 Page et al. , 2009a Parish et al. 2008; Yule 2010) with ongoing uncertainties on the most appropriate management practices and a lack of consensus over the best way forward.
To date, peatland research has strongly focused on boreal and temperate peats, with important knowledge developments in aspects such as peatland function and characteristics (see for example Heikurainen & Päivänen, 1970; Hogg et al. 1992; Bonnett et al. 2006) , and management techniques for restoration and rehabilitation (see Komulainen et al. 1998; Shantz & Price 2006; Worrall et al. 2007 ).
Research into tropical peat has generally lagged behind and, whilst this is changing (see Melling et al. 2005; Page et al. 2011b) , substantial gaps in various aspects of fundamental knowledge remain. Past studies have highlighted the need for improved understanding of various aspects of the management and monitoring regime of tropical peatlands, such as practices that modify the water table and agricultural management techniques ((Wösten et al. 1997; Farmer et al. 2013) .
Despite growing recognition of the differences between peat in different climatic regions, gaps in tropical peatland knowledge have often been filled with assumptions based on boreal and temperate peats (IPCC 2006; Murdiyarso et al. 2010; Koh et al. 2011) . Inappropriate assumption setting for tropical peat was highlighted following the Intergovernmental Panel on Climate Change's (IPCC) development of guidelines for national GHG inventories (IPCC 2006) . In particular, the assumed values for GHG emissions from different land uses on tropical peat were argued to be too low (Couwenburg 2011) . Misleading GHG emission values associated with peatland development have international implications, since GHG emissions make up an integral part of the evidence base for eligibility of 'sustainable agrofuels' under the European Union's Renewable Energy Directive (van Stappen et al. 2011) .
Thus, there is a need for a coordinated research agenda and a robust scientific evidence base to support national and international policies to assist towards the 'wise use approach' of tropical peatland (Page et al. 2006) . A wise use approach involves evaluation of functions and uses, impacts caused by and constraints to development so that, by assessment, reasoning and consensus, it should be possible to highlight priorities for their management and use, including mitigation of past and future damage (Page et al. 2006) . A move towards a wise use approach would also support international initiatives such as the United Nation's Reducing
Emissions from Deforestation and Forest Degradation (REDD; www.un-redd.org/) programme and the Roundtable for Sustainable Palm Oil (RSPO; http://www.rspo.org/). Both of these initiatives require a strengthening of the evidence base for the monitoring and management of tropical peatland.
Malaysia has 6% of global tropical peat by area and 10% by magnitude of the peat carbon pool (Page et al. 2011b) and Malaysian peatlands are subject to land-use change at an unprecedented rate (SarVision 2011; Tsuyuki et al. 2011 In this paper, sustainable management of tropical peatland is understood as a means to achieve 'sustainable development' (World Commission on Environment and Development 1987) through a wise use approach (Page et al. 2006, see above) . We consider research that meets the needs of current and future peatland stakeholders, including those of government, non-governmental organizations, industry and other key agencies. By acknowledging the variety of needs and uses of peatlands to different stakeholders, but also the need for a wise use approach, we seek common research priorities relevant to the current and future sustainability of Malaysian peatland.
METHODS
Our research process proceeded via a series of steps (Fig. 1) . Interest amongst Malaysia's peatland stakeholders was generated in an initial Carbon Landscapes and Drainage (CLAD) knowledge exchange workshop held at Universiti Teknologi Malaysia (UTM), Kuala Lumpur in March 2011. At this workshop, fifteen respondents completed a questionnaire and were asked to invite others to participate from their respective peatland networks, an approach used successfully in other stakeholder consultations (for example Brown et al. 2010) . The respondents indicated their stakeholder group, and identified priority research questions within the following eight themes: scientific research and development, policy, knowledge exchange/information sharing, management and monitoring, conservation, economic and finance, national and regional cooperation, and other.
Fifty-one completed questionnaires were submitted between June and September 2011 and included 250 research questions. Thirty-three participants from a variety of peatland stakeholders attended a second workshop at UTM (December 2011) in order to consolidate the research questions. However, this time participants were asked to work within the themes with which they were most comfortable. Drawing on Brown et al. (2010) , participants were asked to combine similarly worded questions, identify and amalgamate questions with a similar underlying focus, reject questions that participants knew to have been researched already, and delete 'questions' that were merely comments or observations. This exercise led to the reorganization of the initial eight themes to nine themes, and the identification of 95 questions within these themes. The nine themes are: (1) environmental change; (2) ecosystems services; (3) conversion, disturbance and degradation; (4) policy and regulation; (5) knowledge exchange/communication; (6) management and monitoring; (7) conservation; (8) economic and financial planning; and (9) national and regional cooperation. This research relied upon the participation of a relatively specialized knowledge group and access to unique networks within the context of Malaysian peatland. The 'snowball sampling' strategy (Wright & Stein 2005) , whereby stakeholders extend the questionnaire to contacts in their respective networks, allowed a larger sample of potential respondents to be constructed from a small starting number. Generating support for this exercise in the initial CLAD-UTM workshop proved an important step in the research process.
RESULTS
We broke down the respondents by stakeholder type (Fig. 2 ) and organized the 95 research questions into the nine themes. Within each theme, questions were ranked according to their prioritization score.
Breakdown of survey respondents by stakeholder type
Academic stakeholders were the largest group to participate, representing 55% and 66% of total participants in the research questions survey and prioritization exercise, respectively. The second highest group to participate were non-governmental agencies (NGOs), who represented 18% and 11%, respectively. The least represented group were private developers (research questions survey 2%; prioritization survey 3%), indicating the difficulty in reaching this stakeholder type in research surveys.
The relatively high number of respondents who contributed research questions and participated in the prioritization exercise suggests the identification of priorities for peatland research is an issue of interest to a wide range of stakeholders. Further, some of these stakeholders represented 'powerful and influential stakeholders', such as government agencies, private sector (such as agricultural developers) and national research institutes. In the context of tropical peatlands, and compared with other stakeholders participating in this study, these organizations have significant influence over issues such as land-use change, governance and management policy, and conservation and restoration efforts.
Priority research questions by theme
The 95 research priority questions are listed below by theme. The percentage of respondents who rated each question as a priority is indicated in brackets.
Environmental change
(1) What effect will the drivers of change have on the peatlands? In terms of water 
DISCUSSION

Emerging and cross-cutting themes
The need for fundamental research across a broad range of topics is illustrated by an analysis of the crosscutting themes that emerged from the categorization of question types (Fig. 3) . The most common question type was 'scientific process and understanding', and the majority of these questions were spread across the themes of environmental change, ecosystem services provision, and conversion, disturbance and degradation. The second most common question type was 'systems management' which featured across six of the nine themes, including a high proportion from the management and monitoring theme. The high number of 'systems management' questions indicates a need for research into more applied areas, involving multidisciplinary approaches and a scope beyond pure fundamental science. The next most frequent research questions were on 'governance', which suggests there is need for further socioeconomic research, policy studies and understanding of and integrating stakeholder needs into the policy process. The threats from agriculture, notably oil palm expansion, remain a major challenge in the drive towards sustainable management of tropical peatland. Finding a solution requires appropriate stakeholder engagement, especially in terms of the local communities and the decision makers, to understand the needs and demands of society with regard to peatlands; research that can attempt to find a harmony between development needs and conservation, protection and rehabilitation will therefore constitute an important element of the research framework going forward.
There is the need to better understand how peatland and associated ecosystems are affected by environmental change. Environmental change refers to the disturbance of natural ecological processes (Johnson et al. 1997) and poses direct and significant impacts upon tropical peatland. For example, changes in critical climatic factors, such as temperature and precipitation can lead to reductions in the carbon store, disrupt the natural greenhouse gas flux, and are associated with increased incidence of peat fires (Page et al. 2009b ) and reductions in biodiversity (Parish et al. 2008; Yule 2010) .
Research questions classified as 'communication' were the least represented but feature across five different research themes. The low relative prioritization of this class of question suggests poor recognition by respondents of the need to communicate scientific findings to stakeholder groups. This may have been a reflection of the academia-centric demographic of respondents; with greater prioritization given to fundamental research themes. While communication of issues is both a fundamental challenge and potentially misleading without greater understanding of the current baseline, development of both must go hand-in-hand to support further options or approaches towards sustainable management of peatland.
A path towards sustainable management of tropical peat
So what needs to be done to sustain Malaysia's peatlands, how can research assist to this end, and how does research inform understanding of the challenges? The present exercise was driven by an objective to better understand the priorities for peatland research in Malaysia as determined by peatland stakeholders, with a view of realizing a path towards sustainable management of Malaysia's peatlands. There is a desired outcome for sustainable management of peatlands amongst participating stakeholders; however, this probably reflects the perceptions of a minority group and should not be interpreted as indicative of the views and perceptions of the wider Malaysian public.
Thus, a starting point would be to formulate a communication strategy to enhance the public profile of peatlands with a view of improving awareness to all related stakeholders, including industry (such as land developers), governmental, non-governmental, academia, consultants and the public. Recent research has stressed the importance of (re)framing specific issues or complex problems for public engagement in order to break through communication barriers and generate new ways of thinking (Lakoff 2010) . Examples include western media framing of climate change policies (Boykoff & Boykoff 2007) , non-governmental frames for action against poverty in developing countries (Manzo 2008 ) and governmental framing of nuclear energy We further recommend integration of the economic value of peatlands into existing planning regimes.
In line with the definition of sustainable development that incorporates economic aspects, as well as illustrate a statement of political will and action towards this objective. Offering ways to support these actions, including targeted research programmes, would be one approach.
In support of the efforts of the existing research institutions working in this topic area, a comprehensive and coordinated programme of research could be established. This could build on the priority research questions and themes identified in this paper whilst also complimenting any existing frameworks for research overlooked in this research exercise. Moreover, considering the wider societal interests in peatlands (such as agriculture and tourism), opportunities for university-industry-government collaborations could be explored. University-industry collaborations are a growing area of interest in Malaysia as highlighted by recent research examining such partnerships in the Malaysian water industry (Padfield et al. 2014) .
Building on the existing networks within the Malaysian peat community, it is proposed that a network or 'knowledge hub' of researchers be strengthened to coordinate efforts and seek strong proposals with higher chances of funding. This type of research requires a combination of different skill sets and disciplines, including natural scientists, sociologists, engineers, geographers and planners. As Carmenta et al. (2011) advocated in relation to research into tropical peat fires 'interdisciplinary research designs are needed to improve current understanding and inform sustainable management solutions'. The network should also consider the means to communicate the findings from their research in a way that allows for greater policy convergence. Ideally, the network should extend beyond Malaysia to help disseminate research findings and so share knowledge of tropical peat systematics and management. Furthermore, the network could serve to coordinate research related activities across countries in the ASEAN region and other areas of tropical peat globally.
Limitations
Canvassing opinions of stakeholders as undertaken in this research exercise is not without its limitations.
Firstly, it is unlikely that all stakeholder opinions have been captured, whether due to the difficulty of reaching specific groups or because of a deliberate choice made by some not to participate in the exercise. Whilst efforts were made to reach out to less represented stakeholder groups (such as private developers and government agencies), the exercise clearly faced a challenge to engage with these groups. Despite this, it is encouraging that a range of stakeholders did participate in the surveys and workshop activities. It is also possible that some stakeholders took a more personal view about priority questions as opposed to representing the views of their organization. From the survey it is not clear which position respondents adopted and whether that would affect the outcome of the research process.
Secondly, due to the snowballing strategy employed in this research, the exact stakeholder reach of the questionnaire and prioritization exercise is unknown. It is possible that both surveys were distributed to a large number of stakeholders across many organizations and countries and yet, as stated above, many chose not to participate for their own reasons. However, identification of respondent's affiliations from the research questions survey indicated that from the 51 original respondents, only three organizations were represented by more than one respondent, with none contributing more than three individuals. Further, from analysis of those stakeholders who did participate in the surveys, there does not appear to be any bias within the surveys towards a specific research theme, viewpoint or agenda of individual organizations. Individual affiliations were not identified from respondents in the prioritisation exercise. However it was requested that participants reflect the extended network of the original survey respondents and not just immediate colleagues.
Thirdly, a further limitation relates to the format of the initial questionnaire used to generate the research questions. Respondents were requested to identify priority research questions within nine themes which, in turn, may have prevented questions being considered from outside of these themes. However, identifying pre-determined themes was deemed necessary to guide respondents across a broad range of issues which they may not have ordinarily considered. Finally, we recognize that during the consolidation workshop, the rewording of questions may have led to a loss of original meaning.
CONCLUSIONS
This paper presents a list of 95 research questions relevant for the study of tropical peatland and ranks them according to the priority ascribed to them by stakeholders via an online survey. We find three main conclusions. Firstly, the comparatively limited knowledge of tropical peat as compared with boreal and temperate peat has led to inappropriate characterization of tropical peatland environments; unrepresentative understanding needs to be addressed by developing an appropriate evidence base through a more comprehensive programme of fundamental research which, in turn, requires greater support from funding agencies. Secondly, research needs to be better communicated, not just for the benefit of the research community, but to educate the public for improved societal understanding and to inform the policy process.
Finally, this exercise has revealed the need for research into topics less commonly associated with peatland science, notably social science and non-technical aspects, to improve understanding on issues such as stakeholder needs and knowledge, policy and legal processes, and national and international governance issues. Consideration of all these issues may lead to improvements in the sustainable management of tropical peatland.
Figure 1
Workflow of steps taken to generate, prioritize and analyse research questions
Step 1: Conduct initial workshop to generate stakeholder support and discuss themes to be considered for the survey
Step 2: Invite stakeholders to submit research questionnaire via on-line survey
Step 3: Collect surveys and analyse the research questions
Step 4: Conduct workshop with stakeholders to consolidate research questions
Step 5: Invite stakeholders to prioritize research questions
Step 6: Collect and analyse prioritized research questions
Step 7: Categorize research questions by 'question type' and analyse emerging themes 
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